The feedback negativity (FN) has been shown to reflect the binary evaluation of possible outcomes in a context-dependent manner, but it is unclear whether context dependence is based on global or local alternatives. A cued gambling task was used to examine whether the FN is sensitive to possible outcomes on a given trial, or the range of outcomes across trials. On 50% of trials, participants could break even or lose money; on remaining trials, participants could win or break even. Breaking even was an unfavorable outcome relative to all possibilities in the current task, but the best possible outcome on 50% of trials. Results indicated that breaking even elicited an FN in both contexts, and reward feedback was uniquely associated with an enhanced positivity. Results suggest that the magnitude of the FN depends on all possible outcomes within the current task and are consistent with the view that the FN reflects reward-related neural activity.
Feedback provides opportunities to learn from actions and to adjust future performance in order to better meet goals. Because rewards have particularly strong influences on behavior, there is growing interest in understanding the neural correlates of reward processing. The feedback negativity (FN) is an event-related potential (ERP) component that peaks approximately 250-300 ms following feedback (Gehring & Willoughby, 2002; Miltner, Braun, & Coles, 1997) . The FN is a relative negativity in response to negative compared to positive performance feedback (Hajcak, Holroyd, Moser, & Simons, 2005; Luu, Tucker, Derryberry, Reed, & Poulsen, 2003) and in response to monetary losses compared to rewards (Gehring & Willoughby, 2002; Hajcak et al., 2005; Yeung & Sanfey, 2004) .
Previous work suggests that the system that generates the FN evaluates outcomes in a binary fashion, with little difference between unfavorable outcomes of different magnitudes (Hajcak, Moser, Holroyd, & Simons, 2006; Holroyd, Hajcak, & Larsen, 2006; Sato et al., 2005) . However, evidence also suggests that reward processing may be context dependent (Holroyd, Larsen, & Cohen, 2004) . Holroyd and colleagues (2004) presented participants with two conditions: in a "win" condition, participants could win a small or large amount of money, or break even; in a "lose" condition, participants could lose a small or large amount of money, or break even. In this way, breaking even was either the best or worst possible outcome, depending on the experimental context.
Breaking even elicited a larger negativity in the win than lose condition, suggesting that context determines what elicits the FN. Importantly, Holroyd and colleagues manipulated outcome context in two conditions that each comprised 299 trials, run in a counterbalanced order across participants. Thus, the range of possible outcomes in each condition was determined in a global sensewith equal probability across hundreds of trials; moreover, the win condition was unknown for participants who did the lose condition first, and vice versa.
The current study evaluated the context dependence of the FN by manipulating possible outcomes on a trial-by-trial basis. We sought to determine whether the FN reflects favorable outcomes based on the range of possible outcomes on a given trial (i.e., local outcomes) or all available outcomes across trials (i.e., global outcomes). Each trial began with a cue signaling possible outcomes for the trial: (a) win or break even (win/even) or (b) break even or lose (even/lose). Thus, breaking even could either be favorable or unfavorable, depending on the trial. If the FN is sensitive to local possible outcomes, the least favorable outcome on each trial should be associated with a relative negativity compared to the most favorable outcome. If the FN is sensitive to global possible outcomes, a relative negativity should be observed for all feedback indicating nonreward Holroyd et al., 2006) .
Method

Participants
Participants were 23 undergraduate students. Data from one participant were excluded because no artifact-free trials were available, leaving 22 participants for analysis. The final sample was 54.5% female with a mean age of 19.86 years (range 18-27 years). With regard to racial/ethnic background, 45.5% were Caucasian, 9.1% Hispanic, 4.5% African American, 27.3% Asian, and 13.6% from other ethnic backgrounds.
Measures
Cued reward task. Each trial began with the instruction to "Click for next round," followed by a fixation (+) presented for 1,000 ms. Next, a cue appeared for 2,000 ms, indicating the possible outcomes for that trial: a half green and half white circle indicated that there was a 50% chance of winning money and a 50% chance of breaking even (i.e., no win and no loss); a half red and half white circle indicated that there was a 50% chance of losing money and a 50% chance of breaking even. Next, a fixation appeared for 1,500 ms and was replaced by two doors appearing side by side until the participant pressed a mouse to select one of the doors. A fixation then appeared for 2,500 ms, followed by feedback presented for 2,000 ms. A red downward arrow indicated that the participant lost 25¢, a green upward arrow indicated that the participant won 50¢, and a white "0" indicated that the participant broke even. The task consisted of 80 trials (40 win/even trials and 40 even/lose trials). Participants broke even on 50% of the trials, lost money on 25% (i.e., 50% of even/lose trials), and won money on 25% (i.e., 50% of win/even trials) for total winnings of $5. The order of trial type and outcome was random. Cues and feedback were presented against a black background and occupied approximately 3°of the visual field vertically and 1°horizontally. Every 20 trials, a running total of money earned was presented on the screen.
EEG data acquisition and processing. The continuous electroencephalogram (EEG) was recorded using a 34-channel BioSemi system based on the 10/20 system (32-channel cap with the addition of Iz and FCz). Two electrodes were placed on the left and right mastoids, and the electrooculogram generated from eye blinks and movements was recorded from facial electrodes: two approximately 1 cm above and below the left eye, one approximately 1 cm to the left of the left eye and one approximately 1 cm to the right of the right eye. The ground electrode during acquisition was formed by the Common Mode Sense active electrode and the Driven Right Leg passive electrode. The data were digitized at 24-bit resolution with an LSB value of 31.25 nV and a sampling rate of 1024 Hz, using a low-pass fifth order sinc filter with -3 dB cutoff points at 208 Hz. Offline analysis was performed using Brain Vision Analyzer software (Brain Products). All data were referenced to the average of the mastoids and band-pass filtered with cutoffs of 0.1 and 30 Hz. The EEG was segmented for each trial, beginning 500 ms before the onset of feedback and continuing for 1,000 ms after feedback. The EEG was corrected for eye blinks using the method developed by Gratton, Coles and Donchin (1983) . Semiautomated artifact rejection procedures were used with the following criteria: a voltage step of more than 50 mV between sample points, a voltage difference of 300 mV within a trial, and a voltage difference of less than .50 mV within 100-ms intervals. Visual inspection was used to reject trials in which additional artifacts were observed. The mean number of trials per condition after artifact rejection was 19.11 (SD = 1.13). Separate averages were computed for the most favorable and least favorable outcome, as a function of the preceding cue: reward versus breaking even when reward was possible; breaking even when losing was possible versus loss. Data were baseline corrected using the 500-ms interval prior to feedback. The FN was scored as the mean activity 250-350 ms after feedback averaged across Fz and FCz. The P300 was scored as the mean activity 350-450 ms after feedback at Pz.
Procedure
Informed consent was obtained from all participants. EEG sensors were attached, and an experimenter explained the two cue types. The experimenter instructed the participant to press the left or right button to guess which door has the more favorable outcome behind it, and explained the meaning of the outcome symbols. The participant completed four practice trials prior to beginning the task.
Results
FN
A 2 (Cue Type: win/even, even/lose) ¥ 2 (Outcome: more favorable, less favorable) repeated measures analysis of variance (ANOVA) was computed to examine the effect of outcome within each cue condition on the FN. The main effects of cue type, F(1,21) = 5.99, p < .05, and outcome, F(1,21) = 5.32, p < .05, were significant but were qualified by the significant Cue ¥ Outcome interaction, F(1,21) = 18.29, p < .001, η p 2 47 = . . To interpret this interaction, paired samples t tests were conducted to examine the effect of outcome for each cue type. For win/even trials, breaking even was associated with a relative negativity compared to rewards, t(21) = 5.20, p < .001, d = 0.62. For even/lose trials, the effect of outcome was not significant, t(21) = 1.05, p > .05, d = 0.17 (Figure 1) .
Lastly, paired samples t tests were conducted to examine differences across trial types. Feedback indicating wins elicited a relative positivity compared to loss, t(21) = 3.74, p < .01, d = 0.47, and breaking even on even/lose trials, t(21) = 4.88, p < .001, d = 0.67. Breaking even outcomes did not significantly differ between even/lose and win/even trials, t(21) = 0.04, p > .05, d = 0.01, and loss outcomes did not differ from breaking even on win/even trials, t(21) = 1.22, p > .05, d = 0.16. Thus, win feedback differed from all other outcomes, which did not differ from one another.
P300
A 2 (Cue Type) ¥ 2 (Outcome) ANOVA was also computed to examine effects on the P300. The main effects of cue type, F(1,21) = 4.87, p < .05, and outcome, F(1,21) = 4.87, p < .05, were significant but were qualified by the significant Cue ¥ Outcome interaction, F(1,21) = 14.39, p < .01, η p 2 41 = . . Similar to FN findings, for win/even trials, breaking even was associated with a relative negativity compared to rewards, t(21) = 4.77, p < .001, d = 0.60. For even/lose trials, the effect of outcome was not significant, t(21) = 1.40, p > .05, d = 0.22. Feedback indicating wins elicited an enhanced P300 compared to loss, t(21) = 3.26, p < .01, d = 0.47, and breaking even on even/lose trials, t(21) = 4.05, p < .01, d = 0.63. Breaking even outcomes did not differ between trial types, t(21) = 0.33, p > .05, d = 0.05, and loss outcomes did not differ from breaking even on win/even trials, t(21) = 1.11, p > .05, d = 0.17 (Figure 1) . Consistent with FN results, the P300 following win feedback differed from all other outcomes, which did not differ from one another.
Discussion
We evaluated whether the FN is sensitive to the range of local or global possible outcomes by measuring the FN in response to 
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A. Kujawa et al. breaking even on trials in which this was either a favorable or unfavorable outcome. Previous work has indicated that the generation of the FN is context dependent-such that breaking even can elicit a relative negativity depending on the range of alternative outcomes ). In the current study, breaking even or losing money were the only possible outcomes on half of all trials. Within this local context, loss did not elicit an FN relative to breaking even. Rather, breaking even and losing were associated with a relative negativity compared to winning. These results indicate that the FN is sensitive to all possible outcomes in the current task-based on more global than local possibilities. Consistent with previous research (e.g., Hajcak et al., 2006; Holroyd et al., 2006; Sato et al., 2005) , our findings suggest that when reward is possible in an experiment, breaking even and losing money elicit a comparable FN. Thus, the FN appears to be a binary evaluation of favorable compared to unfavorable outcomes, based on all possible outcomes within a task.
In contrast to the current study, Holroyd et al. (2004) found that the FN was sensitive to possible outcomes within each block. That is, breaking even elicited an FN within a block of trials in which this was the worst possible outcome, but breaking even did not elicit an FN within a block of trials in which this was the best possible outcome. In the current study, the ERP response to breaking even did not vary based on the range of possible outcomes on a given trial. The discrepancy likely relates to differences between the block design used by Holroyd et al. (2004) and the trial-by-trial design used in the current study. That is, a block of several hundred trials may actually reflect more of a global than local context. Moreover, it is important to note that during block 1 in the Holroyd et al. (2004) study, participants were unaware of the alternative range of outcomes that would be presented in block 2-and it is unclear if this knowledge would have altered which outcomes elicited an FN. That is, breaking even may begin to elicit an FN as soon as participants learn that winning is a possible outcome.
In the current study, the P300 was more positive for wins compared to all other feedback. Though the P300 is typically enhanced for less probable events, recent findings indicate that the P300 is enhanced for larger magnitude feedback (Kreussel et al., 2012) . As win and loss feedback differed in P300 amplitude despite equal probabilities, it is possible that magnitude determined the P300 in the current study. We would also expect, however, to see differences between loss and breaking even feedback. Though no significant differences were observed, effect sizes were consistent with this possibility.
There is some evidence that outcome magnitude may influence the FN (e.g., Kreussel et al., 2012) , and that the FN is enhanced for lower probability feedback (e.g., Holroyd, Nieuwenhuis, Yeung, & Cohen, 2003) . As the magnitude of rewards and losses in the current study differed and breaking even trials were more frequent than winning or losing across the task, it is possible that variability in magnitude and/or probability influenced the results. Nonetheless, if results were primarily driven by the effect of magnitude or probability, we would also expect to find differences between breaking even and loss trials, which we did not observe.
Though the current results suggest that the FN is sensitive to the global context, it is also possible that participants differentially focus on global and local outcomes depending on the type of trial. In addition, our results are distinct from an fMRI study using a trial-by-trial design to examine context dependence of reward (Nieuwenhuis et al., 2005) , suggesting that context dependence of the FN may differ from other neural measures of reward processing.
Rather than conceptualizing the FN as a relative negativity for unfavorable outcomes, these results are consistent with the view that reward is uniquely characterized by a relative positivity. Although the FN has traditionally been interpreted as reflecting increased neural activity in response to unfavorable outcomes (Nieuwenhuis, Holroyd, Mol, & Coles, 2004) , more recent research suggests that it may actually be driven by a relative positivity in response to favorable outcomes that is reduced or absent following unfavorable outcomes. For example, experimental work suggests that the default N200 response accounts for the negativity observed in response to losses, but rewards are associated with an enhanced positivity superimposed on this negativity (Holroyd, Pakzad-Vaezi, & Krigolson, 2008) . Relatedly, factor analytic work supports the idea that the apparent negativity reflects the absence of a reward-related positivity (Foti, Weinberg, Dien, & Hajcak, 2011) , and variation in this reward-related positivity correlates strongly with fMRI-based measures of reward-related neural circuitry (Carlson, Foti, Mujica-Parodi, Harmon-Jones, & Hajcak, 2011) . Findings from the current study are in line with the view that variation in the FN could be due to a reward-related modulation.
